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1) Significant progress has been made in the improvements of crystal quality and the performance of HEMT devices. 2, 3) A twodimensional electron gas (2DEG) with a very high sheet carrier concentration is normally presented in the AlGaN/ GaN interface due to the presence of piezoelectric polarization fields. Positively charged surface states are induced at the AlGaN surface in order to maintain the charge neutrality of the sample. 4) Therefore, the 2DEG electron density is very sensitive to the surface condition and demonstrates the ability to perform as gas, chemical, and biological sensors.
5-7)
Modulations of 2DEG by light illumination has been reported by different groups when studying the current collapse occurred in an AlGaN/GaN HEMT device. 8, 9) A decrease of the channel resistance between source and drain electrodes of an AlGaN/GaN HEMT is demonstrated when illuminated by photons with sub-bandgap energies. 8) Observation of channel resistance decrease by illumination of ultraviolet (UV) light is also reported by another research group. 9) In this study, variations of channel resistance of a AlGaN/GaN HEMT device with two different excitation light sources are investigated. The measured channel resistance decreases when the device is illuminated by either green laser light or UV illumination. However, the channel resistance increases when illuminated by a subsequent green laser light after the UV induced change becomes stable. A theoretical model related to surface states is proposed. In this model, interactions of electrons and holes with surface states are responsible for the channel resistance variation.
In our experiments, AlGaN/GaN HEMT structure under investigation is grown with a metal-organic chemical vapor deposition (MOCVD) reactor. First, a 2 mm thick intrinsic GaN thin film is grown on a c-plane (0001) Measurements of voltage changes under seven different UV intensities by using neutral density filters are illustrated in Fig. 3 . The drop of voltage becomes larger as the UV intensity increases, shown in Fig. 4(a) . It is shown in Fig. 4(b) that variations of UV illumination intensity strongly affect the amount of voltage increase induced by the green laser light. Note that this voltage increase is enhanced with the increase of background UV intensity until the intensity is 0:063I 0 (¼ 3:67 mW/cm 2 ) and then suppressed with even higher UV intensities.
To explain the voltage decrease induced by a sub-bandgap energy light illumination, Mizutani et al. 8) suggested electron detrapping from the neutral-charged surface states by photons with sub-bandgap energies cause an increase of the density of the positively charged surface states. To explain the voltage decrease induced by UV illumination, Vetury et al. 9) proposed that excess electron-hole pairs are generated in the AlGaN/GaN interface by the incident UV photons. The generated holes are swept into the surface due to the positive electric field inside the AlGaN layer after overcoming a small valence band barrier between the AlGaN/GaN interfaces. Neutral-charged surface states capture these holes to be positively charged. Schematic illustrations of these models are shown in Figs. 5(a) and 5(b), respectively. Both models lead to a higher 2DEG density due to a higher positively charged surface state density. These models agree with our experimental results presented in Figs. 2(a) and 2(b) , respectively. However, both models can not explain the surprising voltage increase induced by the subsequent green laser light with background UV illumination. In this publication, a model is proposed to describe the mechanism of this voltage increase.
In this model, the incident UV light generates excess electron-hole pairs in the AlGaN/GaN interface. Holes are swept into the surface because of the internal electric field and captured by surface states. This increases the positively charged surface state density to reduce the number of trapped electrons in the surface states. Excess electrons at the AlGaN/GaN interface are able to overcome the conduction band barrier after absorbing enough energy from the subsequent green laser light. These electrons are captured by the positively charge surface states after entering the surface region. This leads to a decrease in the density of positively charged surface states. Variations of the positively charged surface state density lead to changes in the 2DEG density, which result in channel resistance variations. The model is illustrated in Fig. 5(c) . Note that the electron transition mechanism induced by the green laser light in this model is different to the model presented in Fig. 5 (a). This proposed model is able to explain our experimental results. In this model, excess electrons can reach the surface region only if the subsequent green laser illumination is present. Without the green laser illumination, only UV-induced excess holes can reach the surface region. Increasing UV intensity leads to a higher excess electronhole pair generation rate. Therefore, more electrons can be captured in the surface states to result in a lower 2DEG density. However, it should be noticed that the capture process of excess holes by the surface states is still ongoing with the presence of UV illumination, but the capture rate of excess holes is smaller than the injection rate of excess electrons by the green laser. By further increasing the UV intensity, the capture rate of excess holes is able to surpass the injection rate of electron due to the constant green laser light intensity to reduce the 2DEG density. 
